In the last decade, EC regulations have been issued to minimize any interaction between packaging materials intended to come in contact with foodstuffs and potential contaminants. In this paper, the concentrations of 26 metals and metalloids in a food gas (CO 2 ), possibly related to the migration of elements from copper pipes, which are commonly used during gas storage and distribution, were determined by ICP-AES and ICP-MS. A simple, though efficient, procedure to chemically trap these elements has shown that the copper pipes do not release significant concentrations of metals and metalloids, most of them being below or clustering below or around the instrumental detection limit. According to this study, only Al, Cu, Fe, Ni, and Zn can be related to the copper line. However, when considering the consumption of 3 L of water, at which 12 g/L of CO 2 is added, the computed concentrations of metals and metalloids are 3 to 6 orders of magnitude lower than the limit concentrations in mineral waters intended for human consumption (European Directive 98/83/EC). This implies that the amount of contaminants in CO 2 introduced in the human body is negligible. A number of studies 1-9 and analytical strategies 10-13 were proposed to evaluate and quantify potential migrants from different types of polymeric packages to solid and liquid food. However, much work is still to be done for a correct estimation of the risk for human health related to the consumers' exposure to contaminating substances.
In the last decade, EC regulations have been issued to minimize any interaction between packaging materials intended to come in contact with foodstuffs and potential contaminants. In this paper, the concentrations of 26 metals and metalloids in a food gas (CO 2 ), possibly related to the migration of elements from copper pipes, which are commonly used during gas storage and distribution, were determined by ICP-AES and ICP-MS. A simple, though efficient, procedure to chemically trap these elements has shown that the copper pipes do not release significant concentrations of metals and metalloids, most of them being below or clustering below or around the instrumental detection limit. According to this study, only Al, Cu, Fe, Ni, and Zn can be related to the copper line. However, when considering the consumption of 3 L of water, at which 12 g/L of CO 2 is added, the computed concentrations of metals and metalloids are 3 to 6 orders of magnitude lower than the limit concentrations in mineral waters intended for human consumption (European Directive 98/83/EC). This implies that the amount of contaminants in CO 2 introduced in the human body is negligible. A number of studies [1] [2] [3] [4] [5] [6] [7] [8] [9] and analytical strategies [10] [11] [12] [13] were proposed to evaluate and quantify potential migrants from different types of polymeric packages to solid and liquid food. However, much work is still to be done for a correct estimation of the risk for human health related to the consumers' exposure to contaminating substances. 14, 15 On the contrary, migration of metal elements due to the interaction of food with packaging materials has received scarce attention. 16, 17 A recent investigation 18 has proposed an efficient sampling and analytical protocol to verify the possible impact of migration processes of trace elements from steel cylinders to food gases (ie, CO 2 , N 2 , and O 2 ).
Based on that experience, in this work, experimental tests to evaluate the presence of contaminants in a food gas (CO 2 ) related to the migration of elements from copper pipes that are commonly used during the activity of gas storage and distribution was carried out.
| MATERIALS AND METHODS

| Material and engineering of the test plant
The test was carried out on food-grade CO 2 
| Sampling and analytical procedure
The gas used for the test was transferred from the steel cylinder (CO 2 source) to the copper pipe after being heated to obtain an initial oper- 
| RESULTS AND DISCUSSION
Analytical data (expressed in mg/kg) of 26 selected elements (Ag, Al, As, Ba, Cd, Ce, Co, Cr, Cu, Fe, Hg, Li, Mn, Ni, P, Pb, Rb, S, Sb, Se, Si, Sn, Ta, Ti, Tl, Zn, and Zr), determined in the samples from food CO 2 cylinder and the copper pipe and collected according to the procedure and the time schedule described in the previous section, are reported in Table 1 .
The analytical data were computed through several steps, as fol- X mg=kg ð Þ¼X mg ð Þ×1000=20:
As shown in Table 1 The amounts of contaminants possibly released from the copper pipe were calculated by subtracting the measured values in CO 2 from the steel cylinder (before the gas storage within the copper pipe; first column in Table 1 ) to those measured in CO 2 from the copper pipe after the different storage periods. As shown in Table 2 , where the concentration data of the gas stored in the copper pipe were computed by subtracting those measured in the gas from the cylinder copper, is expected to produce increasing (cumulative) contaminant concentrations in time. 19 Because the temporal variation showed alternating spike concentrations and values clustering around or below the instrumental detection limit, it is reasonable to suggest that these elements are not related to the copper pipes. Thus, the sporadic presence of small-size solid particles in the sourced gas may likely explain the origin of these elements. This is also supported by the fact that copper is less abundant than other contaminants (eg, Al, Zn, and Fe; Tables 1   and 2 ), implying that element migration from the copper pipes is not consistent with the measured data. (Table 3) .
Because it is not reliable to consider CO 2 as pure food, a more realistic evaluation of the level of contamination in the (Table 4) . Hence, the amount of contaminants in CO 2 , independently on their origin, has to be regarded as negligible even when the highest concentrations recorded in the present study are taken into account.
| CONCLUSIONS
This study reports the results of an efficient and simple sampling and analytical procedure for evaluating the impact on the food gas (CO 2 ) quality of contaminant transferred from copper material. Our measurements, carried out on CO 2 samples collected from a copper line specifically constructed to carry out this study, excluded that migration processes, ie, the progressive release of chemical elements from copper, are not able to produce a significant contamination of the food gas. Only small amounts of metal elements, possibly related to the copper line (Al, Cu, Fe, Ni, and Zn), and the sourced gas (Cd, Mn, and Rb)
were detected. These findings indicate that the presence of these contaminants in CO 2 was likely due to the sporadic occurrence of fine solid particulate in the source gas, ie, present in CO 2 before it was transferred into the copper pipe. Although a correct estimation of the CO 2 quality should be based on reference values produced by specific toxicological studies on this particular type of packaging material and food, a comparison with SRL and LC values clearly showed that CO 2 had a satisfactory degree of purity. To obtain further insights on the source of the contaminants, tests at dynamic conditions (ie, sampling of CO 2 continuously flushing in a copper tube) are to be carried out as possible future development.
